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Description 

The invention relates to a method of creating a well- 
bore in an underground formation, for example a well- 
bore tor the production of oil or gas. Generally, when a 
weilbore for oil or gas production is created, a number 
of casings are installed in the borehole to prevent col- 
lapse of the borehole wall and to prevent undesired out- 
flow of drilling fluid into the formation or inflow of fluid 
from the formation into the borehole. The borehole is 
drilled in inten/als whereby each casing is installed after 
drilling a next inten/al, so that a next casing to be in- 
stalled is to be lowered through a previously installed 
casing. In a conventional method of creating a weilbore 
the outer diameter of the next casing is limited by the 
inner diameter of the previously installed casing In order 
to allow lowering of the next casing through the previous 
casing. Thus, the casings are nested relative to each 
other, with casing diameters decreasing In downward di- 
rection. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wall to seal the 
casings from the borehole wall. As a consequence of 
the nested arrangement of the casings, a relatively large 
borehole diameter is required at the upper part of the 
weilbore. Such a large borehole diameter Involves In- 
creased costs due to heavy casing handling equipment, 
large drill bits and increased volumes of drilling fluid. 
Moreover, increased drilling rig time is involved due to 
required cement pumping and cement hardening. 

US-A-1 233 888 discloses a method of creating a 
weilbore in an underground formation, comprising drill- 
ing a borehole In the underground formation, lowering 
a casing of a malleable material Into the borehole and 
radially expanding said casing against the borehole wall 
by applying a radial load to the casing and removing said 
load from the casing. 

It Is an object of the Invention to provide a method 
of creating a weilbore In an underground formation, 
whbh method eliminates the need for a relatively large 
borehole diameter in the upper part of the weilbore and 
which method provides adequate sealing between the 
casing and the underground formation. 

In accordance with the invention there is provided 
a method of creating a weilbore in an underground for- 
mation, comprising drilling a borehole in the under- 
ground formation, lowering a casing of a malleable ma- 
terial into the borehole and radially expanding said cas- 
ing against the borehole wall by applying a radial load 
to the casing and removing said load from the casing 
characterized in that the radial load Is selected so that 
the casing has a smaller elastic radial deformation than 
the surrounding formation upon application of said load, 
thereby inducing a compressive force between the cas- 
ing and the sun'ounding formatbn after removing the 
said load. 

After applying the radial bad, the casing contracts 
slightly radially due elastic relaxation. However, the 
elastic radial deformation of the fornnation does not com- 



pletely vanish following the relaxation due to the elastic 
radial defonmatlon of the formation being larger than the 
elastic radial deformation of the casing. As a result 
thereof, a compressive force remains between the cas- 
s Ing and the formation after relaxation, which compres- 
sive force ensures the casing being sealed to the for- 
mation. Thus, cement annuli are no longer required to 
seal the casing to the formation. Furthermore, it is 
achieved that casings of uniform diameter can be ap- 
10 plied in the weilbore. By expanding the casing in the 
borehole the outer diameter of the next casing to be in- 
stalled is not limited by the inner diameter of the previous 
casing before expansion thereof so that a nested ar- 
rangement of the casings is not required. It is to be un- 
is derstood that the casing being made of a malleable ma- 
terial Implies that the casing material is capable of sus- 
taining plastic defomiation. 

When a steel casing is applied, such casing nonmal- 
ly has a smaller elastic radial deformation than the sur- 
20 rounding formation when the casing is expanded 
against the borehole wall by application of a radial load 
to the casing. 

Preferably the material of the casing is capable of 
sustaining a plastic deformation of at least 25% uni-axial 
2S strain, so that the casing can be sufficiently expanded 
in the borehole without nipture of the casing material. 

Advantageously the casing forms an intermediate 
casing located between a surface casing arranged in an 
upper part of the weilbore and a production casing ar- 
30 ranged in a lower part of the weilbore. 

When washouts occur in the borehole during drilling 
thereof, or when brittle fonmations are encountered, It 
can be desired to pump a sealing material In a fluidic 
state between the casing and the borehole wall prior to 
55 applying said radial load to the casing. For example, ce- 
ment can be pumped in the annular space around the 
casing, which cement is albwed to harden after the cas- 
ing has been expanded. 

Plastic deformation of the casing can be promoXed 
40 by heating the casing during radial expansion thereof. 
A suitable casing joint to be employed for intercon- 
necting two adjacent casings includes a sectbn of a first 
casing provided with Internal annular ribs having an in- 
ner diameter slightly larger than the outer diameter of a 
^ section of a second casing which extends into said sec- 
tion of the first casing. During expansion of the casing 
joint, the second casing is pressed against the ribs of 
the first casing whereby a metal to metal seal is 
achieved between said sections of the first and second 
50 casing. The ribs allow for some axial contraction of the 
second casing during radial expansion thereof. 

An increase of speed of installing the casing in the 
borehole can be achieved by providing the casing con- 
tinuously from a reel onto which the casing is stored be- 
ss fore being lowered into the borehole, and unreeling from 
the reel during lowering into the borehole. 

Furthermore, a considerable reduction of time and 
costs is achieved when the casing which Is expanded 
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in the borehole is also used as a drill string to drill the 
borehole. When for example the borehole is drilled using 
a tubing which is unreeled from a reel and to which a 
downhole motor driving a drill bit is connected (so-called 
coiled tubing drilling), the tubing can be expanded in the 
borehole to form a casing. The downhole motor and the 
drill bit remain in the borehole after expansion of the tub- 
ing. 

The invention will now be described in n\ore detail 
and by way of example, with reference to the accompa- 
nying drawings of which 

Fig. 1 shows schematically a longitudinal sectbn of 
a borehole in an underground fonmation and a cas- 
ing lowered Into the borehole; 
Fig. 2 shows a hydraulic expansbn tool in an unex- 
panded state positioned in a lower section of the 
casing of Fig. 1; 

Fig. 3 shows the expansion tool in an expanded 

state; 

Fig. 4 shows shows the expansion tool in the unex- 
panded state as the tool is moved to a next bcation; 
Fig. 5 shows the the expansion tool in the expanded 
state at the next location; and 
Fig. 6 shows an expander which is being moved 
through the casing. 

Referring to Fig 1 . there is shown a borehole 1 which 
has been drilled in an underground formation 3, and a 
steel casing 5 positioned concentrically in the borehole 
1 . The casing 5 is cylindrical and has a circular cross- 
section with an outer diameter smaller than the diameter 
of the borehole 1. 

After the casing 5 has been lowered into the bore- 
hole 1, a hydraulic expansion tool 7 is lowered in an un- 
expanded state into a lower section of the casing 5, as 
shown in Fig. 2. The expansion tool 7 is connected to a 
surface pumping facility (not shown) by means of a hy- 
draulic conduit 9. The tool 7 is expanded by operating 
the surface pumping facility thereby pumping hydraulic 
fluid through the conduit 9 and into the expander 7, as 
shown in Fig. 3. Pumping is stopped when the casing 5 
at the location of the expansion tool 7 is expanded to an 
internal diameter slightly larger than the diameter of the 
borehole 1 as drilled. During expansion of the casing 5 
against the borehole wall 4, the casing 5 undergoes 
elastic and plastic radial deformation, and the formation 
3 surrounding the borehole 1 undergoes at least elastic 
radial deformation. It is to be understood that the elastic 
radial deformation of the casing 5 is significantly smaller 
than the plastic radial deformation thereof, and that the 
elastic radial defomnation of the surrounding fomnation 
3 is significantly larger than the elastic radial deforma- 
tion of the casing 5. After expansion of the casing 5 
against the borehole wall 4, the hydraulic pressure in 
the tool 7 is removed allowing the tool 7 to contract to 
the unexpanded state, and allowing some elastic relax- 
ation of the casing. The plastic deformation of the casing 



5 remains, so that the elastic defomnation of the under- 
ground formation 3 in the vicinity of the borehole wall 4 
also remains. Thus, a compressive force remains be- 
tween the casing 5 and the formatbn 3 due to the re- 
s mainlng plastic deformatbn of the casing 5. 

As shown in Figs 4 and 5. after a bwer section of 
the casing 5 has been radially expanded in this manner 
the expansbn tool 7 is moved upward through the cas- 
ing 5 In the unexpanded state and positioned at a next 
10 section of the casing 5, whereafter the tool 7 is expand- 
ed in order to expand the casing 5 similarly as described 
above. In this manner the casing 5 is expanded stepwise 
until the whole casing 5 has been radially expanded. 
Drilling of the wellbore 1 then proceeds using an under- 
^5 reamer drill bit (not shown), whereafter the next casing 
(not shown) is lowered through the previously expanded 
casing 5 to the newly drilled section of the wellbore 1. 

The expander 22 shown in Fig. 7 can be used as 
an altemative to the hydraulic expansion tool 7. When 
the expander 22 is pushed downward through the cas- 
ing 20 by an axial force F, the casing 20 is expanded to 
conform to the outer diameter of the expander 22, which 
outer diameter is selected such that the desired plastic 
radial deformation of the casing is achieved. By rotating 
the expander 22during its movement through the casing 
20 the axial friction between the expander 22 and the 
casing 20 is reduced. A further reduction of axial friction 
is achieved when the expander 22 is provided with roll- 
ers (not shown) which are capable of rolling along the 
inner surface of the casing 20 when the expander 22 is 
rotated, and by simultaneously rotating and axlalty mov- 
ing the expander 22 through the casing 20. Radial de- 
formation of the casing 20 can be pronrtoted by applying 
an Internal pressure to the casing 20 when the expander 
22 is moved through the casing 20. 

In an alternative embodiment of the method accord- 
ing to the invention, a sectbn of the interior of the casing 
in which a fluid is present Is cbsed by means of two 
packers, whereafter the fluid is pressurised until the de- 
sired radial expansion of the casing is achieved. The al- 
ternative embodiment can also be used in conjunction 
with expansion by means of the hydraulic expansion tool 
or the expander described hereinbefore. 



Claims 

1 . A method of creating a wellbore in an underground 
formation, comprising drilling a borehole (1) in the 
underground fonmation (3), lowering a casing (5) of 
a malleable material into the borehole (1) and radi- 
ally expanding said casing (5) against the borehole 
wall (4) by applying a radial load to the casing (5) 
and removing said load from the casing, character- 
ized in that the radial load is selected so that the 
casing (5) has a snnailer elastic radial deformation 
than the surrounding formation (3) upon application 
of said load, thereby inducing a compressive force 
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between the casing (5) and the surrounding forma- 
tion (3) after removing said load. 

2. The method of claim 1 , wherein said material of the 
casing (5) is capable of sustaining a plastic defor- 
mation of at least 25% unl-axial strain. 

3. The method of claim 1 or 2, wherein said casing (5) 
forms an intermediate casing located between a 
surface casing arranged in an upper part of the well- 
bore and a production casing arranged In a lower 
part of the wellbore. 

4. The method of one of claims 1 -3, wherein a sealing 
material in a fluidic state is pumped between the 
casing (5) and the borehole wall (4) prior to applying 
said radial load to the casing (5). 

5. The method of one of claims 1-4, wherein at least 
part of said radial load is applied to the casing (5) 
by moving an expander (22) through the casing (5), 
which expander (22) has a larger outer diameter 
than the inner diameter of the casing (5). 

6. The method of claim 5, wherein said expander (22) 
Is provided with rollers which are capable of rolling 
along the Inner surface of the casing (5), when the 
expander (22) is rotated, and the step of applying 
the radial load comprises simultaneously rotating 
the expander (22) and moving the expander (22) 
through the casing (5). 

7. The method of claim 5 or 6, wherein an internal 
pressure is applied to the casing when the expander 
(22) is moved through the casing (5) so as to pro- 
mote radial expansbn of the casing (5). 

8. The method of one of claims 1-4. wherein at least 

part of said radial load is applied to the casing (5) 
by locating a hydraulic expansion tool (7) in the cas- 
ing (5) and expanding said tool (7). 

9. The method of one of claims 1 -8, wherein the casing 
(5) Is heated during radial expansion thereof. 

10. The method of one of claims 1-9, wherein said cas- 
ing (5) is stored on a reel before being lowered into 
the borehole (1) and unreeled from the reel during 
lowering into the borehole (1 ). 

1 1 . The method of one of claims 1-10, wherein said cas- 
ing (5) is used as a drill string during drilling of the 
borehole (1). 



Patentanspruche 

1 . Verfahren zur Herstellung eines Bohrloches In einer 



Untergrundformation, das das Bohren eines Bohr- 
loches (1) in der Untergrundformation (3), das Her- 
unterlassen einer aus einem kaltverformbaren Ma- 
terial bestehenden Verrohrung (5) in das Bohrloch 

s (1) und das radiale Aufweiten der Verrohrung (5) 
gegenuber der Bohrlochwand (4) durch Ausubung 
einer ladialen Kraft auf die Verrohrung (5) und Ent- 
femung der Kraft von der Ven-ohrung umfaBt, da- 
durch gekennzeichnet, da3 die radiale Kraft so ge- 

10 wahit wird, da3 die Verrohrung (5) bei Ausubung 
der Kraft einer geringeren elastlschen radialen Ver- 
formung als die umgebende Formation (3) unter- 
liegt. wodurch nach der Entfemung der Kraft eine 
Druckkraft zwischen der Verrohrung (5) und der 

IB umgebenden Formation (3) induziert wird. 

2. Verfahren nach Anspruch 1 , bei dem das Material 
der Verrohrung (5) einer plastischen Verformung 
standhaften kann, die einer einachsigen Dehnung 

20 von mindestens 25% entspricht. 

3. Verfahren nach Anspruch 1 Oder 2, bei dem die Ver- 
rohrung (5) eine Zwischenverrohrung bildet, die 
zwischen einer in einem oberen Tell des Bohrloches 

25 ' vorgesehenen Oberflachenverrohrung und einer in 
einem unteren Tell des Bohrloches vorgesehenen 
Gewinnungsverrohrung angeordnet ist. 

4. Verfahren nach einem der Anspruche 1 - 3, bei dem 
30 ein Abdbhtungsmaterial in einem fluiden Zustand 

vor der Ausubung der radialen Kraft auf die Verroh- 
rung (5) zwischen der Verrohrung (5) und der Bohr- 
kx:hwand (4) mittels Pumpe eingebracht wird. 

35 5. Verfahren nach einem der Anspruche 1 - 4, bei dem 
mindestens ein Tell der radialen Kraft aufgrund der 
Bewegung eines Aufweiters (22) durch die Verroh- 
rung (5) auf die Verrohrung (5) ausgeubt wird, wo- 
bei der Aufweiter (22) einen AuRendurchmesser 

40 aufweist, der groBer als der Innendurchmesser der 
Verrohrung (5) ist. 

6. Verfahren nach Anspruch 5, bei dem der Aufweiter 
(22) mit Rollen ausgestattet Ist, die wahrend der 

45 Drehung des Aufweiters (22) an der Innenflache der 
Verrohrung (5) entlangrollen konnen, und bei dem 
der Schritt der Ausubung der radialen Kraft die 
gleichzeltige Drehung des Aufweiters (22) und Be- 
wegung des Aufweiters (22) durch die Verrohrung 

50 (5) umfaSt. 

7. Verfahren nach Anspruch 5 oder 6, bei dem wah- 
rend der Bewegung des Aufweiters (22) durch die 
Verrohrung (5) ein Innendruck auf die Verrohrung 

55 ausgeubt wird. um die radiale Aufweltung der Ver- 
rohrung (5) zu unterstutzen. 

8. Verfahren nach einem der AnsprOche 1 - 4, bei dem 
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mindestens ein Tei) der radialen Kraft dadurch aaf 
die Verrohrung (5) ausgeubt wird. da3 ein hydrau- 
lisches Aufweitungswerkzeug (7) in der Verrohrung 
(5) angeordnet und das Werkzeug (7) aufgeweitet 
wird. 

9. Verfahren nach einem der Anspruche 1 - 6, bei dem 
die Verrohrung (5) wahrend ihrer radiaten Aufwel- 
tung envarmt wird. 

10. Verfahren nach einem der AnsprOche 1 - 9. bei dem 

die Verrohrung (5) vor ihrem Heruntertassen in das 
Bohrloch (1) auf einer Rolle gelagert und wahrend 
ihres Herunterlassens in ctes Bohrloch (1) von der 
Rolle abgewickelt wird. 

11. Verfahren nach einem der Anspruche 1 - 10, bei 
dem die Verrohrung (5) wahrend des Bohrens des 
Bohrtoches (1) als ein Bohrgestange verwendet 
wird. 



le est appltquee au tubage (5) en deplagant un dis- 
posftif diiatant (22) le long du tubage (5). lequel dis- 
positif diiatant (22) a un dam&tre exterieur sup§- 
rieur au diam^tre tnterieur du tubage (5). 

5 

6. Mdthode selon la revendication 5. dans laquelle le- 
dit dispositif diiatant (22) est pourvu de rouleaux qui 
peuvent rouler le long de la surface intirieure du 
tubage (5) lorsque le dispositif diiatant (22) est ami* 

^0 nnd d*un mouvement de rotatbn, et r^tape consis- 
tant d appliquer la charge radiale comprend la rota- 
tion du dispositif diiatant (22) et le d^placement si- 
muftan^ du dispositif diiatant (22) le long du tubage 
(5). 

^s 

7. Mdthode seton la revendication 5 ou 6. dans taquel- 
le une pression interne est appliques sur ie tubage 
brsque le dispositif diiatant (22) est d6plac6 le long 
du tubage (5) afin d'activer la dilatatbn radiale du 
tubage (5). 



Revendications 

1. Mdthode de forage d'un puits dans une fornnation 
souterraine. comprenant le forage d'un trou (1) 
dans la fonnatbn souterraine (3). la descente d'un 
tubage (5) d'un mat^riau malleable dans le trou (1) 
et la dilatation radiale dudit tubage (5) contre la pa- 
rol (4) du trou par applicatbn d'une charge radiale 
sur le tubage (5) et le retrait de ladite charge du tu- 
bage, caract6ris6e en ce que la charge radiale est 
choisie de sorte que le tubage (5) ait une deforma- 
tion eiastique radiale plus petite que la formation (3) 
envlronnante lors de I'appllcation de ladite charge, 
g^n^rant ainsi une force de compression entre le 
tubage (5) et la formation (3) envlronnante apr^s le 
retrait de ladite charge. 

2. M6thode selon ia revendication 1 , dans laquelle le 
mat^riau du tubage (5) est capable de supporter 
une d^formatbn plastique avec un taux de defor- 
mation uniaxe d'au moins 25%. 



8. Methode selon I'une des revendications 1 ^ 4. dans 
laquelle au moins une partie de ladite charge radia- 
le est appliqu6e au tubage (5) en installant un outil 

^5 de dilatation hydraulique (7) dans le tubage (5) et 
en diiatant ledit outil (7). 

9. Methode selon I'une des revendications 1 § 8, dans 
laquelle le tubage (5) est chauff6 au cours de la di- 
latation radiale de celui-ci. 

10. M6thode selon I'une des revendications 1 h 9, dans 
laquelle ledit tubage (5) est stocks sur une d^rou- 
leuse avant d'etre descendu dans le trou (1) et de- 

^ rouie de la derouleuse au cours de la descente dans 
le trou(1). 

11. Methode selon I'une des revendk^ations 1 d 10. 
dans laquelle ledit tubage (5) est utilise comme train 

40 de tiges au cours du forage du trou (1 ). 
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3. Methode selon la revendication 1 ou 2, dans laquel- 
le ledit tubage (5) forme un tubage Intermediaire si- 
tue entre un tubage de surface dispose dans une 
partie superieure du puits et un tubage de produc- 
tbn dispose dans une partie Inferieure du puits. 

50 

4. Methode selon Tune des revendications 1 k 3, dans 
laquelle un mater lau d'etancheite k retat fluide est 
pompe entre le tubage (5) et la parol (4) du trou 
avant d'appliquer ladite charge radiale au tubage 
(5). 55 

5. Methode sebn Tune des revendications 1 k 4. dans 
laquelle au moins une partie de ladite charge radia- 
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